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S umma r y 

T h e  e f f e c t s  o f  o x y g e n  a n d  w a t e r  v a p o r  o n  t h e  f a t i g u e  p r o p e r t i e s  

o f  t i t a n i u m  a l l o y  Ti-4A1-4Mn a n d  vacuum m e l t e d  A l S l  4 3 4 0  s t e e l  were 

i n v e s t i g a t e d  b y  m e a n s  o f  r o t a t i n g  beam t e s t s  o f  u n n o t c h e d  s p e c i m e n s  

i n  f o u r  e n v i r o n m e n t s ;  d r y  h e l i u m ,  d r y  a i r ,  m o i s t  h e l i u m  a n d  m o i s t  

a i r .  T h e  f a t i g u e  s t r e n g t h  o f  b o t h  a l l o y s  was l o w e r  i n  m o i s t  e n v i r o n -  

m e n t s  t h a n  i n  d r y  e n v i r o n m e n t s .  O x y y e n  was d e t r i m e n t a l  t o  t h e  

f a t i g u e  s t r e n g t h  o f  b o t h  a l l o y s  o n l y  i n  t h e  a b s e n c e  o f  w a t e r  v a p o r .  

A l a r g e  n u m b e r  o f  t h e  s t e e l  s p e c i m e n s  f a i l e d  d u e  t o  f a t i g u e  c r a c k s  

h a v i n g  o r i g i n s  b e l o w  t h e  s p e c i m e n  s u r f a c e .  

I n t r o d u c t i o n  

T h i s  p r o j e c t  was d e s i g n e d  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  w a t e r  

v a p o r  a n d  o x y g e n ,  b o t h  i n d e p e n d e n t l y  a n d  t o g e t h e r ,  on t h e  f a t i g u e  

p r o p e r t i e s  o f  t w o  e n g i n e e r i n g  a l l o y s .  P r e v i o u s  w o r k  h a d  shown t h a t  

w a t e r  v a p o r  i n  t h e  p r e s e n c e  o f  a i r  h a d  d e l e t e r i o u s  e f f e c t s  o n  t h e  

f a t i g u e  p r o p e r t i e s  o f  s e v e r a l  a l l o y s ,  t w o  o f  w h i c h  were s e l e c t e d  

f o r  t h i s  i n v e s t i g a t i o n .  R o t a t i n g  beam f a t i g u e  t e s t s  were c o n d u c t e d  

o n  t i t a n i u m  a l l o y  Ti-4A1-4Mn a n d  o n  vacuum m e l t e d  A l S l  4 3 4 0  s t e e l  
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i n  b o t h  m o i s t  a n d  d r y  a i r  a n d  i n  b o t h  m o i s t  a n d  d r y  h e l i u m .  

M a t e r i a l s  a n d  T e s  t i n q  P r o c e d u r e s  

A n a l y s e s ,  c o n d i t i o n s  o f  m a t e r i a l s ,  a n d  t e n s i l e  s t r e n g t h s  o f  

t h e  m a t e r i a l s  u s e d  i n  t h i s  i n v e s t i g a t i o n  a r e  l i s t e d  i n  T a b l e  I .  

T h e  t e n s i l e  s t r e n g t h  v a l u e  f o r  t h e  t i t a n i u m  a l l o y  was o b t a i n e d  b y  

G .  W.  G e i l  a n d  N .  L. C a r w i l e  f o r  t h e  same b a t c h  o f  m a t e r i a l  d u r i n g  

a n o t h e r  i n v e s t i g a t i o n  ( 1 ) .  

T h e  f a t i g u e  s p e c i m e n s  were o f  t h e  R .  R .  M o o r e  t y p e  w i t h  s m o o t h  

r e d u c e d  s e c t i o n s .  T h e  t i t a n i u m  s p e c i m e n s  h a d  s t r a i g h t  s h a n k s  

( f i g u r e  l a )  a n d  t h e  s t e e l  s p e c i m e n s  h a d  t a p e r e d  s h a n k s  ( f i g u r e  l b ) .  

I n  e a c h  c a s e  t h e  d i a m e t e r  o f  t h e  r e d u c e d  s e c t i o n  w a s  n o m i n a l l y  

0.200 i n  (0.508cm.).  

T h e  t i t a n i u m  s p e c i m e n s  were f i n i s h  m a c h i n e d  w i t h  a l a t h e  c u t -  

t i n g  t o o l  a n d  t h e n  wet  p o l i s h e d  l o n g i t u d i n a l l y  on  a b r a s i v e  p a p e r ,  

t h e  f i n a l  p o l i s h  b e i n g  o b t a i n e d  w i t h  N o .  400 p a p e r .  T h e  s t e e l  

s p e c i m e n s  were r o u g h  m a c h i n e d  w i t h  a l a t h e  c u t t i n g  t o o l ,  h e a t  

t r e a t e d ,  t h e n  g r o u n d  t o  a p p r o x i m a t e l y  t h e  f i n a l  d i a m e t e r ,  t h e  

g r i n d i n g  wheel  b e i n g  p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  s p e c i m e n .  

P o l i s h i n g  w a s  a l s o  d o n e  l o n g i t u d i n a l l y ,  u s i n g  e m e r y  t a p e  w i t h o u t  

l u b r i c a n t ,  t h e  f i n a l  p o l i s h  b e i n g  o b t a i n e d  w i t h  000 g r a d e  p a p e r .  

A f t e r  p o l i s h i n g ,  a l l  s p e c i m e n s  were w a s h e d  s u c c e s s i v e l y  i n  t w o  

c o n t a i n e r s  o f  h i g h  p u r i t y  b e n z e n e .  T h e  d i a m e t e r s  were t h e n  

m e a s u t e d  a n d  t h e  s p e c i m e n s  were s t o r e d  i n  a t b i i . 0  c o n t a i n e r  o f  

b e n z e n e  u n t i l  t e s t e d .  
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Fatigue tests were conducted on R, R. Moore rotating beam 

machines which apply a uniform bending moment with a constant 

stress amplitude. Machine speeds were maintained #t about 9000 rpm 

and tests were conducted at room temperature, During testing, 

there was a maximum temperature rise of about 20 C in specimens 

involved in long fatigue life tests. This was due to a large 

extent to heat, generated in the bearings of the bearing boxes, 

being transmitted t o  the specimen, 

Specimens of both materials were tested under four 

atmospheric conditions as follows: 

1. Dry air 

2 .  Moist air 

3 .  Dry helium 

4 .  Moist helium 

In order to obtain the dry atmospheres, the gases ?!ere p a s s e d  

through four drying towers containing silica gel and then through 

a cold trap containing a mixture of trichloroethylene and 

chloroform cooled with dry ice. This produced gases containing 

from 30 to 50 ppm water vapor. Moist atmospheres (above 8 5  percent 

relative humidity) were obtained by bubbling the gases through 

heated distilled water. In addition, the helium was passed through 

t w o  titanium getters to remove oxygen (maximum oxygen 0 .02  mole per 

cent). 

Results and Discussion 

a) Ti-4A1-4Mn 

T h e  fatigue results foT the titanium alloy specimens are shown 
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i n  f i g u r e  2 a n d  i n  T a b l e s  I1 and 111. I n  t h e  f i g u r e ,  e a c h  p o i n t  

i n  t h e  f i n i t e  l i f e  r e g i o n  o f  the  c u r v e  i s  t h e  m e d i a n  o f  f i v e  

v g l u e s .  T h e  s t a i r c a s e  m e t h o d  ( 2 )  was  u s e d  t o  d e t e r m i n e  t h e  

f a t i g u e  l i m i t s  w i t h  s i x t e e n  s p e c i m e n s  b e i n g  u s e d  f o r  e a c h  c o n -  

d i t i o n .  I n t e r v a l s  were t a k e n  a t  o n e  k s i .  

I n  t h e  f i n i t e  l i f e  r e g i o n  s p e c i m e n s  t e s t e d  i n  d r y  h e l i u m  

h a d  a p p r o x i m a t e l y  d o u b l e  t h e  l i f e  o f  t h o s e  s p e c i m e n s  t e s t e d  i n  

m o i s t  a t m o s p h e r e s .  T h e  s l o p e s  o f  t h e  S-N c u r v e s  a r e  q u i t e  s t e e p .  

T h e  f a t i g u e  s t r e n g t h  o f  t h e  m a t e r i a l  t e s t e d  i n  d r y  h e l i u m  i s  

a p p r o x i m a t e l y  t e n  t o  t h i r t e e n  p e r c e n t  g r e a t e r  t h a n  t h a t  f o r  

s p e c i m e n s  t e s t e d  i n  b o t h  m o i s t  a i r  a n d  m o i s t  h e l i u m  i n  t h e  f i n i t e  

l i f e  r e g i o n .  S p e c i m e n s  t e s t e d  i n  d r y  a i r  e x h i b i t e d  f a t i g u e  

s t r e n g t h s  i n t e r m e d i a t e  t o  t h e  s t r e n g t h s  o f  t h o s e  t e s t e d  i n  d r y  

h e l i u m  a n d  i n  b o t h  m o i s t  h e l i u m  a n d  m o i s t  a i r .  T h e r e  was  

e s s e n t i a l l y  n o  d i f f e r e n c e  b e t w e e n  t e s t  r e s u l t s  i n  m o i s t  a i r  a n d  

m o i s t  h e l i u m  i n  t h e  f i n i t e  l i f e  r e g i o n .  

I n  t h e  f a t i g u e  l i m i t  r e g i o n ,  t h e r e  was  o n l y  a b o u t  a s i x  p e r c e n t  

d i f f e r e n c e  b e t w e e n  t h e  h i g h e s t  a n d  l o w e s t  v a l u e s .  A g a i n ,  s p e c i m e n s  

t e s t e d  i n  d r y  h e l i u m  e x h i b i t e d  t h e  b e s t  f a t i g u e  p r o p e r t i e s ,  w h i l e  

r e s u l t s  f r o m  t e s t s  c o n d u c t e d  i n  d r y  a i r  were o n l y  s l i g h t l y  p o o r e r ,  

M o i s t  h e l i u m  a t m o s p h e r e  t e s t s  p r o d u c e d  t h e  l o w e s t  f a t i g u e  l i m i t .  

I t  w o u l d  a p p e a r  f r o m  t h e  d a t a  p r e s e n t e d  h e r e  t h a t  t h e  p r e -  

s e n c e  o f  w a t e r  v a p o r  i s  d e f i n i t e l y  d e t r i m e n t a l  t o  t h e  f a t i g u e  

p r o p e r t i e s  o f  t i t a n i u m  a l l o y  Ti-4A1-4Mn. T h e  e f f e c t s  o f  o x y g e n  

a r e  not s o  c l e a r c u t .  In t h e  p r e s e n c e  o f  w a t e r  v a p o r ,  o x y g e n  h a d  

n o  d i s c e r n i b l e  e f f e c t  i n  t h e  f i n i t e  l i f e  r e g i o n  o f  t e s t i n g ,  b u t  
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I o x y g e n  s e e m e d  t o  i m p r o v e  t h e  f a t i g u e  l i m i t  i n  t h e  p r e s e n c e  o f  

w a t e r  v a p o r ,  a l t h o u g h  n o t  g r e a t l y .  T h e  f a t i g u e  l i m i t  f o r  

s p e c i m e n s  t e s t e d  i n  m o i s t  a i r  was a b o u t  two  t o  t h r e e  p e r c e n t  

g r e a t e r  t h a n  t h a t  f o r  s p e c i m e n s  t e s t e d  i n  m o i s t  h e l i u m .  

I 
I 

I n  t h e  a b s e n c e  o f  w a t e r  v a p o r ,  o x y g e n  h a d  a d e t r i m e n t a l  

I e f f e c t  on t h e  f a t i g u e  p r o p e r t i e s  o f  t h i s  a l l o y  o v e r  t h e  e n t i r e  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r a n g e  o f  t e s t i n g ,  b u t  a g a i n  the  e f f e c t  was r e l a t i v e l y  s m a l l ,  

e s p e c i a l l y  i n  t h e  f q t i g u e  l i m i t  a r e a .  

I f  t h e  a v e r a g e  r e s u l t s  f r o m  b o t h  d r y  c o n d i t i o n s  a r e  

c o m p a r e d  w i t h  t h e  a v e r a g e  r e s u l t s  f r o m  b o t h  m o i s t  c o n d i t i o n s ,  

t e s t i n g  u n d e r  d r y  c o n d i t i o n s  p r o d u c e d  a f o u r  p e r c e n t  h i g h e r  

f a t i g u e  l i m i t .  W h i l e  t h i s  d i f f e r e n c e  i s  s m a l l ,  i t  i n d i c a t e s  a 

d e f i n i t e  a d v e r s e  e f f e c t  o f  w a t e r  v a p o r  on  t h e  f a t i g u e  l i m i t  o f  

T i-4A1-4Mn. 

T h e r e  i s  e s s e n t i a l l y  no  d i f f e r e n c e  be tween t h e  a v e r a g e  

f a t i g u e  l i m i t s  f o r  b o t h  s e r i e s  o f  t e s t s  i n  h e l i u m  a n d  b o t h  

s e r i e s  i n  a i r  i n d i c a t i n g  a n e g l i g i b l e  e f f e c t  o f  o x y g e n  i n  t h e  

f a t i g u e  l i m i t  a r e a .  

T h e  e f f e c t  o f  o x y g e n  a n d  w a t e r  v a p o r  t o g e t h e r  o r  s e p a r a t e l y  

o n  t h e  f a t i g u e  p r o p e r t i e s  o f  Ti-4A1-4Mn i s  q u i t e  s m a l l ,  a n d  w a t e r  

v a p o r  i s  m o r e  d e t r i m e n t a l  t h a n  o x y g e n .  T h e  e f f e c t s  o f  w a t e r  

v a p o r  a n d  o x y g e n  a r e  n o t  a d d i t i v e .  

b )  V a c u u m  M e l t e d  A I S 1  4340 S t e e l  

F a t i g u e  t e s t s  were c o n d u c t e d  on t h e  s t e e l  i n  a r e l a t i v e l y  

h i g h  s t r e n g t h  c o n d i t i o n  ( 5 2 R c ) .  T h e  r e s u l t s  f o r  a l l  o f  t h e  

s p e c i m e n s  t e s t e d  a r e  g i v e n  i n  T a b l e  I V .  

I 
I 
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A p p r o x i m a t e l y  t h r e e  e i g h t s  o f  t h e  s t e e l  s p e c i m e n s  f a i l e d  

d u e  t o  a f a t i g u e  c r a c k  w h i c h  o f i g i n a t e d  b e l o w  t h e  s u r f a c e  a t  an 

i n c l u s i o n  ( i n d i c a t e d  b y  * i n  T a b l e  IV). T h e  d i s t a n c e  o f  t h e s e  

s o u r c e s  f r o m  t h e  s p e c i m e n  s u r f a c e  r a n g e d  f r o m  0 . 0 0 0 7 i n  ( 0 . 0 0 1 8 c m )  

t o  0.010in ( 0 . 0 2 5 c m )  w i t h  t h e  a v e r a g e  b e i n g  0.0035in ( 0 . 0 0 8 9 c m ) .  

T h e r e  i s  a p p a r e n t l y  no  r e l a t i o n s h i p  b e t w e e n  t h e  d i s t a n c e  o f  t h e  

c r a c k  s o u r c e  f r o m  t h e  s p e c i m e n  s u r f a c e  a n d  t h e  s p e c i m e n  l i f e .  

O b v i o u s l y ,  t h e  e n v i r o n m e n t  c o u l d  n o t  a f f e c t  t h e  i n i t i a t i o n  o f  t h e  

c r a c k  i n  t hese  s p e c i m e n s ,  a n d  w o u l d  a f f e c t  c r a c k  p r o p a g a t i o n  o n l y  

a f t e r  t h e  c r a c k  h a d  b r o k e n  t h r o u g h  t o  t h e  s u r f a c e .  As t h i s  

p o r t i o n  o f  t h e  l i f e  i s  r e l a t i v e l y  s h o r t ,  i t  i s  e s s e n t i a l l y  c o r r e c t  

t o  s a y  t h a t  t h e  l i f e  o f  s p e c i m e n s  w i t h  s u b - s u r f a c e  c r a c k  o r i g i n s  

i s  u n a f f e c t e d  by  t h e  e n v i r o n m e n t .  T h e  v a l u e s  f r o m  t h e s e  s p e c i m e n s  

t h e r e f o r e  t e n d  t o  c l o u d  t h e  e f f e c t s  t h a t  a r e  b e i n g  s o u g h t ,  a s  o n e  

c a n  s a y  t h a t  f a i l u r e  f r o m  a s u r f a c e  sotiree w o u l d  h a v e  r e q u i r e d  a 

l a r g e r  n u m b e r  o f  c y c l e s  t h a n  w e r e  a c t u a l l y  o b s e r v e d .  

T h e  d a t a  o f  T a b l e  I V  a r e  s h o w n  g r a p h i c a l l y  i n  f i g u r e  3. 

B e c a u s e  o f  t h e  l a r g e  d i s p e r s i o n  o f  t h e  r e s u l t s ,  t h e  o n l y  p o i n t s  

p l o t t e d  a r e  t h e  m e d i a n  v a l u e s  f o r  g r o u p s  o f  s e v e n  s p e c i m e n s  t e s t e d  

a t  t h e  s a m e  s t r e s s  a m p l i t u d e .  

A n  a r r o w  a d j a c e n t  t o  a p o i n t  i n d i c a t e s  t h a t  t h e  t r u e  m e d i a n  

v a l u e  i s  g r e a t e r  t h a n  t h a t  p l o t t e d  b e c a u s e  t h e  m e d i a n  o r  some  

s m a l l e r  v a l u e  was o b s e r v e d  on  a s p e c i m e n  w i t h  a s u b - s u r f a c e  o r i g i n ,  

T h e r e  d o e s  n o t  a p p e a r  t o  b e  a n y  c o m p l e t e l y  v a l i d  s t a t i s t i c a l  m e t h o d  

f b r  o b t a i n i n g  a n  e s t i m a t g  o f  t h e  t r u e  m e d i a n  f o r  t h e s e  s e t s  6f d a t a ,  

a s  e a c h  s a m p l e  i s  d i s t o r t e d  by  members  o f  a sec lond  p o p u l a t i o n ,  
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s p e c i m e n s  w i t h  s u b - s u r f a c e  o r i g i n s .  T h e  c h a r a c t e r i s t i c s  o f  t h i s  

p o p u l a t i o n  a s  f a r  as  f a t i g u e  f a i l u r e  f r o m  s u r f a c e  o r i g i n a t i n g  

c r a c k s  a r e  a l s o  unknown.  

A s  t h e  e n v i r o n m e n t  h a s  e s s e n t i a l l y  n o  e f f e a t  o n  t h e  l i f e  o f  

a s p e c i m e n  i n  w h i c h  t h e  c r a c k  i n i t i a t e s  b e l o w  t h e  s u r f a c e ,  d a t a  

f r o m  s u c h  s p e c i m e n s  f o r  a l l  e n v i r o n m e n t a l  c o n d i t i o n s  c a n  b e  c o n -  

s i d e r e d  t o g e t h e r .  I t  a p p e a r s  t h a t  t h e  S-N c u r v e  f o r  s p e c i m e n s  

w i t h  s u b - s u r f a c e  c r a c k  o r i g i n s  i s  n o t  f a r  d i f f e r e n t  f r o m  t h a t  

f o r  s p e c i m e n s  t e s t e d  i n  d r y  h e l i u m  a s  o n e  w o u l d  e x p e c t  f r o m  t h e  

l a r g e  p r o p o r t i o n  o f  s u b - s u r f a c e  o r i g i n s  i n  d r y  h e l i u m  t e s t s .  I f  

t h i s  c o n c l u s i o n  i s  c o r r e c t  i t  means  t h a t  t h i s  e n v i r o n m e n t  h a s  

e l i m i n a t e d  a l l  o f  t h e  a t m o s p h e r i c  c o n s t i t u e n t s  t h a t  h a v e  a 

s i g n i f i c a n t  d e l e t e r i o u s  e f f e c t  on  t h e  f a t i g u e  s t r e n g t h  o f  s t e e l .  
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Conclusions 

1. Water vapor in the absence o f  oxygen as well as in the 

presence of oxygen is detrimental to the fatigue properties of 

titanium alloy Ti-4A1-4Mn and vacuum melted 4340 steel, but not 

t o  a great extent. 

2. O x y g e n  is detrimental, but to a lesser extent than water 

vapor, t o  the fatigue properties of both titanium alloy Ti-4Al-4Mn 

and 4340 steel in the absence of water vapor. 

3. I n  the presence of water vapor, oxygen has little or no effect 

on t h e  fatigue properties of either alloy. 

4. Specimens with sub-surface fatigue crack origins have 

essentially t h e  s a m e  fatigue strengths as those specimens tested 

in dry helium. 
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I 
T a b l e  I .  M a t e r i a l s  

I 
A n a l v s i s ( a )  T e n s i l e  S t r e n  t h  9 M a t e r i a l  C o n d i t i o n  

Ks i MN/m 

T i t a n i u m  A l l o y  H o t  r o l l e d ,  A 1  4 . 2 %  1 4 9  1027 
Ti-4A1-4Mn a n n e a l e d  Mn 3 . 8  

c c o .  1 
H2 0 .006ppm 
N2 0 . 0 2  

I 
I 
I 
I 

Vacuum Melted Q u e n c h e d  i n  C 0 . 3 8 %  298 2 0 5 5  
A l S l  4 3 4 0  S t e e l  o i l  from 1500F Mn 0 . 5 9  

Tempered 400F P 0 . 0 0 4  
75 m i n u t e s  s 0,001 

52 R, S i  0 . 2 7  
N i  1 . 8 0  
Cr 0 . 7 7  
Mo 0 . 2 8  

I 
I 

c u  0.10 
v c  0 . 0 1  
H2 4.4ppm 
N 53 
0; 6 . 3  

( a )  A n a l y s i s  by p r o d u c e r  f o r  t i t a n i u m ;  a n a l y s i s  by NBS f o r  s t e e l .  
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Ksi M N / m  

117 807 

114 786  

112 772 

109  752 

108 745  

100 689 

T a b l e  I 1  

K i l o c y c l e s  t o  f r a c t u r e  

Dty H e l i u m  M o i s t  H e l i u m  Dry Air M o i s t  A i r  

38 
4 1  
42 
51 
64 

37 
37 
38 
39 
39 

22 2 0  
25 2 3  
26 24 
28 2 9  
31 4 0  

69 
72 
80 

119 
1 4 8  

47  
47  
49 
60 
6 3  

33 59  
50  61 
60 71  

14658  
d 

3837 + 

F a t i g u e  T e s t  T e s u l t s  Ti-4A1-4Mn 

6 
-deno tes  r u n o u t  ( 2 6  x 10 c y c l e s  w i t h o u t  f a i l i n g ) .  
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T a b l e  111  

F a t i g u e  L i m i t  Data f o r  Ti-4A1-4Mn 

S t r e s s  A m p l i t u d e  
Ksi M N / m 2  

100 
99  
98  

9 6  
9 5  
94 
9 3  
92 

99  
98  
97  

97 
9 6  
9 5  
94 
9 3  

689 
683 
67 6 

6 62 
655 
648  
641 
634 

683 
67 6 
669 

6 69 
6 62 
655 
648 
641 

C o q d i  t i o n  N o .  o f  spec. % r u n o u t s  

Dry H e l i u m  4 0 
8 50 
4 100 

M o i s t  H e 1  i u m  2 0 
4 50 
5 20  
4 7 5  
1 100 

Dry Air 

M o i s t  Air 

3 0 
8 3 7 . 5  
5 80 

3 0 
3 100 
4 2 5  
5 80 
1 100 
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2 I b s i  M N / m  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 8 0  

1 6 0  

150 

1 4 0  

1 3 0  

1 2 9  

1 2 8  

1 2 7  

1241 

1 1 0 3  

1034 

9 65 

8 9 6  

889  

883 

8 7 6  

T a b l e  IVa 

F a t i g u e  T e s t  R e s u l t s  Vacuum Mel ted  
A l S l  4 3 4 6  S t e e l  i n  D r y  Atmospheres  

K i l o c y  c 1 e s  t o  F r a c  Lure 

D r y  A i r  D r y  H e l i u m  

20  
2 6  
2 8  
2 9  
32 
34 
36 

157* 
249* 
270 
394:x 
592% 
792" 
945" 

113  
298 
4 5 3 *  

2792':' 
3495 
8217'* 

12468* 

49 
62 
66 

2 0 3  
2 10s 
2786 
295  

166* 

5 5  
9 6  

146  
8 

30376 
3380* 

23376* 

11044 

1928 * 
12083  

5693  * 
10057"' 
__c - 

v d e n o t e s  r u n o u t  ( 2 6  x l o6  c y c l e s  w i t h o u t  f a i l i n g ) .  

* d e n o t e s  f a i l u r e  d u e  t o  s u b - s u r f a c e  c r a c k  o r i g i n .  



.I .. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T a b l e  I V B  

F a t i g u e  T e s t  R e s u l t s  Vacuum Mel ted  
A l S l  4 3 4 0  S t e e l  i n  M o i s t  A t m o s p h e r e s  

SA 

Ksi M N / m 2  

150 1 0 3 4  

130 8 9 6  

1 2 5  8 62 

K i l o c y c l e s  t o  F r a c t u r e  

M o i s t  H e l i u m  M o i s t  A i r  

4 0  
4 1  
4 4  
50 

1 0 4  
454 

2946" 

9 2  
9 4  

105 
1 2 6  
189 

11103' 
18718'  

100 
1 2 3  
1 4 7  
17'0 
180 

24550* - 

3 5  
3 6  
39 
51 
98 

1 3 2  
918 

5 2  
130 
2 2 8  
683* 

3 8 5 5  
7839 

20273'  

1 9 6 1 5  

1 2 4  8 5 5  18582 '  

- d e n o t e s  r u n o u t  ( 2 6  x l o 6  c y c l e s  w i t h o u t  f a i l i n g ) ,  

* d e n o t e s  f a i l u r e  dire t o  s u b - s u r f a c e  c r a c k  o r i g i n .  



i I 

I I 

c I 

P 
4.0"- R 

a. S T R A I G H T  SHANK SPECIMEN 

3 '/;I- R 

7 
/ 

.OIO"RELIEF 

/ 
0.480"- D - 0.200"- D 

m 

- 37/16 
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